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APPENDIX B
HUMAN HEALTH EFFECTSFROM NORMAL OPERATIONS

B.1 INTRODUCTION

This appendix provides a brief general discussion on radiation and its health effects. It also describes the
methods and assumptions used for estimating the potential impacts and risksto individuals and the general
public from exposure to releases of radioactivity during normal operations and postulated accidents at
facilities used to perform Technical Area (TA)-18 missions.

This appendix presents numerical information using engineering and/or scientific notation. For example,
the number 100,000 also can be expressed as 1 x 10°. The fraction 0.001 also can be expressed as 1 x 103,
The following chart defines the equivalent numerical notations that may be used in this appendix.

FRACTIONS AND MULTIPLES OF UNITS
Multiple Decimal Equivalent Prefix Symbol
1 x 10° 1,000,000 mega- M
1x 10° 1,000 kilo- k
1x 10° 100 hecto- h
1 x 10 10 deka- da
1x10* 0.1 deci- d
1 x 107 0.01 centi- c
1x 1073 0.001 milli- m
1x10° 0.000001 micro- p

B.2 RADIOLOGICAL IMPACTSON HUMAN HEALTH

Radiation exposure and its consequences are topics of interest to the general public. For this reason, this
environmental impact statement (EIS) places emphasis on the consequences of exposure to radiation,
provides the reader with information on the nature of radiation, and explains the basic concepts used in the
evaluation of radiation health effects.

B.2.1 Natureof Radiation and |ts Effectson Humans
What |s Radiation?

Radiation is energy transferred in the form of particles or waves. Globally, human beings are exposed
constantly to radiation fromthe solar system and the Earth’ srocks and soil. Thisradiation contributesto the
natural background radiation that always surrounds us. Manmade sources of radiation also exist, including
medical and dental x-rays, household smoke detectors, and materials released from nuclear and coal-fired
power plants.
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All matter in the universeis composed of atoms. Radiation comes from the activity of tiny particleswithin
an atom. An atom consists of a positively charged nucleus (central part of an atom) with a number of
negatively charged electron particlesin various orbits around the nucleus. There are two types of particles
in the nucleus. neutrons that are electrically neutral and protons that are positively charged. Atoms of
different typesare known aselements. Therearemorethan 100 natural and manmade elements. An element
has equal numbers of electrons and protons. When atoms of an element differ in their number of neutrons,
they arecalled isotopes of that element. All elementshavethreeor moreisotopes, someor all of which could
be unstable (i.e., decay with time).

Unstabl e i sotopes undergo spontaneous change, known as radioactive disintegration or radioactive decay.
Theprocessof continuously undergoing spontaneousdisintegrationiscalledradioactivity. Theradioactivity
of amaterial decreaseswithtime. Thetime it takes amaterial to lose half of itsoriginal radioactivity isits
half-life. Anisotope’s half-life is a measure of its decay rate. For example, an isotope with a half-life of
eight dayswill lose one-half of itsradioactivity in that amount of time. In eight more days, one-half of the
remaining radioactivity will belost, and so on. Each radioactive element has a characteristic half-life. The
half-lives of various radioactive elements may vary from millionths of a second to millions of years.

Asunstableisotopes changeinto more stableforms, they emit electrically charged particles. These particles
may be either an alpha particle (a helium nucleus) or a beta particle (an electron), with various levels of
kinetic energy. Sometimes these particlesare emitted in conjunction with gammarays. The aphaand beta
particlesarefrequently referred to asionizing radiation. Ionizing radiation refersto the fact that the charged
particle energy force canionize, or electrically charge, an atom by stripping off one of itselectrons. Gamma
rays, even though they do not carry an electric charge asthey pass through an element, can ionize its atoms
by g ecting electrons. Thus, they cause ionization indirectly. lonizing radiation can cause a changein the
chemical composition of many things, including living tissue (organs), which can affect the way they
function.

When aradioactive isotope of an element emits a particle, it changes to an entirely different element, one
that may or may not beradioactive. Eventually astable element isformed. Thistransformation, which may
take several steps, isknown as adecay chain. For example, radium, which is a member of the radioactive
decay chain of uranium, has a half-life of 1,622 years. It emits an alpha particle and becomes radon, a
radioactive gas with a half-life of only 3.8 days. Radon decaysfirst to polonium, then through a series of
further decay stepsto bismuth, and ultimately to astableisotope of lead. Meanwhile, thedecay productswill
build up and eventually die away astime progresses.

The characteristics of variousforms of ionizing
radiation are briefly described below and in the

box & right (see Chapter 8 for futher || ™35 | ol
definitions): _

) a Few centimeters SS:_:E:f paper or skin’s
Alpha (a)—Alphaparticlesaretheheaviest type B Few meters ;'ol’;:no:hg(?ae;sof alurminum

of ionizing radiation. They can travel only a
few centimeters in air. Alpha particles lose

their energy almost as soon as they collide with n Very large o parerin.
anything. They can be stopped easily by asheet
of paper or by the skin’s surface.

Thick wall of concrete,

Y Very large lead, or steel

Beta ()—Beta particles are much (7,330 times) lighter than alpha particles. They can travel a longer
distance than alpha particlesin the air. A high-energy beta particle can travel afew metersintheair. Beta
particles can pass through a sheet of paper, but may be stopped by athin sheet of aluminum foil or glass.
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Gamma (y)—Gammarays (and x-rays), unlike alphaor betaparticles, arewavesof pureenergy. Gammarays
travel at the speed of light. Gammaradiation isvery penetrating and requires athick wall of concrete, lead,
or stedl to stopit.

Neutrons (n)—Neutrons are particlesthat contribute to radiation exposure both directly and indirectly. The
most prolific source of neutronsisanuclear reactor. Indirect radiation exposure occurs when gamma rays
and alpha particles are emitted following neutron capture in matter. A neutron has about one-quarter the
weight of an alphaparticle. It will travel inthe air until it is absorbed in another element.

Units of Radiation M easure

During the early days of radiological experience, therewas no precise unit of radiation measure. Therefore,
avariety of unitswere used to measure radiation. These unitswere used to determine the amount, type, and
intensity of radiation. Just asheat can be measured in terms of itsintensity or effects using units of calories
or degrees, amounts of radiation or its effects can be measured in units of curies, radiation absorbed dose
(rad), or dose equivalent (roentgen equivalent man, or rem). Thefollowing summarizesthose units(seealso
the definitions in Chapter 8).

Curie—The curie, named after the French scientists Marie and Pierre Curie, describes the “intensity” of a
sample of radioactive material. Therate of decay of 1 gram of radium was the basis of this unit of measure.
Because the measured decay rate kept changing slightly as measurement techniques became more accurate,
the curie was subsequently defined as exactly 3.7 x 10 disintegrations (decays) per second.

Rad—The rad is the unit of measurement for the physical

absorption of radiation. The total energy absorbed per unit Radiation Units
guantity of tissueisreferred to asabsorbed dose (or simply dose). and Conversions to
As sunlight heats pavement by giving up an amount of energy to International System of Units

it, radiation similarly gives up energy to objectsinits path. One _ o ,
rad isequal totheamount of radiation that leadstothedeposition | e 237710, 1 Te0r¥ onsper second
of 0.01 joule of energy per kilogram of absorbing material. 1 becquerdl = 1 disintegration per second
1rad = 0.01 gray

1rem=0.01 sievert

Rem—A rem is a measurement of the dose equivalent from 1 gray = 1joule per kilogram

radiation based on its biological effects. The rem is used in
measuring the effects of radiation on the body as degrees
centigrade are used in measuring the effects of sunlight heating pavement. Thus, 1 rem of one type of
radiationispresumed to havethe samebiological effectsas 1 rem of any other kind of radiation. Thisallows
comparison of the biological effects of radionuclides that emit different types of radiation.

The units of radiation measure in the International System of Units are: becquerel (a measure of source
intensity [activity]), gray (a measure of absorbed dose), and sievert (a measure of dose equivalent).

Anindividual may be exposed to ionizing radiation externally (from a radioactive source outside the body)
or internally (from ingesting or inhaling radioactive material). The external dose is different from the
internal dose because an external dose is delivered only during the actual time of exposure to the external
radiation source, while an internal dose continues to be delivered as long as the radioactive sourceisin the
body. The dose from internal exposure is calculated over 50 years following the initial exposure. Both
radioactive decay and elimination of theradionuclide by ordinary metabolic processes decreasethe doserate
with the passage of time.
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Sour ces of Radiation

The average American receivesatotal of approximately 360 millirem per year from all sources of radiation,
both natural and manmade, of which approximately 300 millirem per year are from natural sources. The
sourcesof radiation can bedividedinto six different categories: (1) cosmicradiation, (2) terrestrial radiation,
(3) internal radiation, (4) consumer products, (5) medical diagnosis and therapy, and (6) other sources
(NCRP 1987). These categories are discussed in the following paragraphs.

Cosmic Radiation—Cosmic radiation isionizing radiation resulting from energetic charged particles from
space continuously hitting the Earth’ satmosphere. These particles and the secondary particles and photons
they create comprise cosmic radiation. Because the atmosphere provides some shielding against cosmic
radiation, the intensity of this radiation increases with the altitude above sealevel. The average dose to
people in the United States from this source is approximately 27 millirem per year.

External Terrestrial Radiation—External terrestrial radiation is the radiation emitted from the radioactive
materialsinthe Earth’ srocksand soils. Theaveragedosefrom external terrestrial radiation isapproximately
28 millirem per year.

Internal Radiation—Internal radiation resultsfromthe human body metabolizing natural radioactivematerial
that has entered the body by inhalation or ingestion. Natural radionuclidesin the body include isotopes of
uranium, thorium, radium, radon, polonium, bismuth, potassium, rubidium, and carbon. The major
contributor to theannual doseequivalent for internal radioactivity isthe short-lived decay products of radon,
which contribute approximately 200 millirem per year. The average dose from other internal radionuclides
is approximately 39 millirem per year.

Consumer Products—Consumer products al so contain sourcesof ionizing radiation. In some products, such
as smoke detectors and airport x-ray machines, the radiation source is essential to the product’ s operation.
In other products, such astelevisionsand tobacco, the radiation occursasthe productsfunction. Theaverage
dose from consumer products is approximately 10 millirem per year.

Medical Diagnosis and Therapy—Radiation is an important diagnostic medical tool and cancer treatment.
Diagnostic x-rays result in an average exposure of 39 millirem per year. Nuclear medical procedures result
in an average exposure of 14 millirem per year.

Other Sources—There are afew additional sources of radiation that contribute minor doses to individuals
in the United States. The dose from nuclear fuel cycle facilities (e.g., uranium mines, mills, and fuel
processing plants) and nuclear power plants has been estimated to be less than 1 millirem per year.
Radioactivefallout fromatmospheric atomic bomb tests, emissionsfrom certainmineral extractionfacilities,
and transportation of radioactive materials contribute lessthan 1 millirem per year to the average doseto an
individual. Air travel contributes approximately 1 millirem per year to the average dose.

Exposure Pathways

As stated earlier, an individual may be exposed to ionizing radiation both externally and internally. The
different ways that could result in radiation exposure to an individual are called exposure pathways. Each
type of exposure is discussed separately in the following paragraphs.

Exter nal Exposure—External exposure canresult fromseveral different pathways, all havingincommonthe
fact that the radiation causing the exposure is external to the body. These pathways include exposure to a
cloud of radiation passing over the receptor (i.e., an individual member of the public), standing on ground
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that is contaminated with radioactivity, and swimming or boating in contaminated water. If the receptor
departs from the source of radiation exposure, the dose rate will be reduced. It is assumed that external
exposure occurs uniformly during the year. The appropriate dose measure is called the effective dose
equivalent.

Inter nal Exposure—Internal exposureresultsfromaradiati on sourceentering thehuman body through either
inhalation of contaminated air or ingestion of contaminated food or water. In contrast to external exposure,
once aradiation source enters the body, it remainsthere for aperiod of time that varies depending on decay
and biological half-life. The absorbed dose to each organ of the body is calculated for aperiod of 50 years
followingtheintake. The calculated absorbed doseis called the committed dose equivalent. Variousorgans
have different susceptibilitiesto harmfromradiation. The quantity that takesthese different susceptibilities
into account is called the committed effective dose equivalent, and it provides a broad indicator of the risk
to the health of anindividual from radiation. The committed effective dose equivalent isaweighted sum of
the committed dose equivalent in each major organ or tissue. The concept of committed effective dose
equivalent applies only to internal pathways.

Radiation Protection Guides

Various organizations have issued radiation protection guides. The responsibilities of the main radiation
safety organizations, particularly those that affect policiesin the United States, are summarized below.

International Commission on Radiological Protection—This Commission has the responsibility for
providing guidance in matters of radiation safety. The operating policy of this organization is to prepare
recommendations to deal with basic principles of radiation protection and to leave to the various national
protection committeestheresponsibility of introducing the detail ed technical regulations, recommendations,
or codes of practice best suited to the needs of their countries.

National Council on Radiation Protection and Measurements—In the United States, this Council is the
national organization that hasthe responsibility for adapting and providing detailed technical guidelinesfor
implementing the International Commission on Radiological Protection recommendations. The Council
consists of technical experts who are specialists in radiation protection and scientists who are expertsin
disciplines that form the basis for radiation protection.

National Research Council/National Academy of Sciences—The National Research Council is an
organization within the National Academy of Sciences that associates the broad community of science and
technology with the Academy’ s purposes of furthering knowledge and advising the Federal Government.

Environmental Protection Agency—The Environmental Protection Agency (EPA) has published a series of
documents, Radiation Protection Guidance to Federal Agencies. This guidance is used as a regulatory
benchmark by a number of Federal agencies, including the U.S. Department of Energy (DOE), intheream
of limiting public and occupational work force exposures to the greatest extent possible.

Limits of Radiation Exposure

Limits of exposure to members of the public and radiation workers are derived from International
Commission on Radiol ogical Protectionrecommendations. The EPA usestheNational Council on Radiation
Protection and Measurements and the International Commission on Radiological Protection
recommendations and sets specific annual exposure limits (usualy less than those specified by the
Commission) in Radiation Protection Guidance to Federal Agencies documents. Each regulatory
organization then establishesits own set of radiation standards. Thevariousexposurelimitsset by DOE and
the EPA for radiation workers and members of the public are givenin Table B—1.
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Table B—1 ExposureLimitsfor Membersof the Public and Radiation Workers

Guidance Criteria (Organization) Public Exposure Limits at the Site Boundary Worker Exposure Limits

10 CFR 835 (DOE) — 5,000 millirem per year @

10 CFR 835.1002 (DOE) — 1,000 millirem per year °
DOE Order 5400.5 (DOE) © 10 millirem per year (al air pathways) —

4 millirem per year (drinking water pathway)
100 millirem per year (all pathways)

40 CFR 61 (EPA) 10 millirem per year (al air pathways) —
40 CFR 141 (EPA) 4 millirem per year (drinking water pathways) —
& Althoughthisisalimit (or level) whichisenforced by DOE, worker doses must still adhereto aslow asisreasonably achievable

principles. Refer to footnote b.

b Thisisacontrol level. It was established by DOE to assist in effecting its goal to maintain radiological doses as low asis
reasonably achievable. DOE recommendsthat facilitiesadopt amorelimiting 500 millirem per year Administrative Control Level
(DOE 1999b). Reasonable attempts have to be made by the site to maintain individual worker doses below these levels.

¢ Derived from 40 CFR 61, 40 CFR 141, and 10 CFR 20.

B.2.2 Health Effects

Radiation exposure and its consequences are topics of interest to the general public. To provide the
background for discussions of impacts, this section explains the basic concepts used in the evaluation of
radiation effects.

Radiation can cause avariety of damaging health effectsin people. The most significant effectsareinduced
cancer fatalities. Theseeffectsarereferredtoas”latent” cancer fatalities because the cancer may take many
yearsto develop. In the discussions that follow, all fatal cancers are considered latent; therefore, the term
“latent” is not used.

The National Research Council’s Committee on the Biological Effects of lonizing Radiation (BEIR) has
prepared a series of reports to advise the U.S. Government on the health consequences of radiation
exposures. Health Effects of Exposure to Low Levels of lonizing Radiation, BEIR V (National Research
Council 1990), providesthe most current estimatesfor excessmortality fromleukemiaand other cancersthat
are expected to result from exposuretoionizing radiation. BEIR V provides estimates that are consistently
higher thanthoseinitspredecessor, BEIR I11. Thisincreaseisattributed to several factors, including the use
of alinear dose response model for cancers other than leukemia, revised dosimetry for the Japanese atomic
bomb survivors, and additional followup studies of the atomic bomb survivors and associated others.
BEIR Il employs constant, relative, and absolute risk model s, with separate coefficientsfor each of severa
sex and age-at-exposure groups. BEIR V devel ops modelsin which the excess relative risk is expressed as
a function of age at exposure, time after exposure, and sex for each of several cancer categories. The
BEIR |11 modelswere based on the assumption that absol ute risks are comparabl e between the atomic bomb
survivors and the U.S. population. BEIR V modelswere based on the assumption that the relative risks are
comparable. For adisease such aslung cancer, wherebaselinerisksin the United Statesare much larger than
those in Japan, the BEIR V approach leads to larger risk estimates than the BEIR 111 approach.

The models and risk coefficientsin BEIR V were derived through analyses of relevant epidemiologic data
that included the Japanese atomic bomb survivors, ankylosis spondylitis patients, Canadian and
Massachusetts fluoroscopy (breast cancer) patients, New Y ork postpartum mastitis (breast cancer) patients,
Israeli tinea capitis (thyroid cancer) patients, and Rochester thymus (thyroid cancer) patients. Models for
leukemia, respiratory cancer, digestive cancer, and other cancers used only the atomic bomb survivor data,
although results of analyses of the ankylosis spondylitis patients were considered. Atomic bomb survivor
analyses were based on revised dosimetry, with an assumed relative biological effectiveness of 20 for
neutrons, and were restricted to doses less than 400 rads. Estimates of risks of fatal cancers, other than

B-6
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leukemia, were obtained by totaling the estimatesfor breast cancer, respiratory cancer, digestive cancer, and
other cancers.

The National Council on Radiation Protection and M easurements (NCRP 1993), based on the radiation risk
estimates provided in BEIR V and the International Commission on Radiological Protection Publication
60 recommendations (ICRP 1991), has estimated the total detriment resulting from low dose' or low dose
rate exposureto ionizing radiation to be 5.6 x 10 per rem for the working population and 7.3 x 10 per rem
for the general population. Thetotal detriment includesfatal and nonfatal cancer whichis severe hereditary
(genetic) effects. The major contribution to the total detriment isfrom fatal cancer which is estimated to be
4% 10*and 5 x 10 per remfor radiation workers and the general population, respectively. The breakdowns
of therisk estimators for both workers and the general population aregivenin Table B—2. Nonfatal cancers
and genetic effects are less probable consequences of radiation exposure. To simplify the presentation of
the impacts, estimated effects of radiation are calculated only in termsof cancer fatalities. For higher doses
toanindividual (20 rem or more), as could be associated with postul ated accidents, therisk estimatorsgiven
in Table B-2 are doubled.

Table B-2 Nominal Health Risk Estimators Associated with Exposure
to 1 Rem of lonizing Radiation

Exposed Individual Fatal Cancer ¢ Nonfatal Cancer ® | Genetic Disorders® Total
Worker .0004 .00008 .00008 .0005
Public .0005 .0001 .00013 .00073

& For fatal cancer, the health effect coefficient is the same as the probability coefficient. When applied to an individual, the units
arethelifetime probability of a cancer fatality per rem of radiation dose. When applied to a population of individuals, the units
are the excess number of fatal cancers per person-rem of radiation dose.

®  In determining a means of assessing health effects from radiation exposure, the International Commission on Radiological
Protection has devel oped a weighting method for nonfatal cancers and genetic effects.

¢ For high individual exposures (greater than or equal to 20 rem), the health factors are multiplied by afactor of 2.

Source: NCRP 1993.

Thenumerical estimatesof fatal cancerspresented inthis EISwereobtained using alinear extrapolationfrom
the nominal risk estimated for lifetime total cancer mortality that results from a dose of 0.1 gray (10 rad).
Other methods of extrapolation to the low-dose region could yield higher or lower numerical estimates of
fatal cancers. Studies of human popul ations exposed to low doses are inadequate to demonstrate the actual
level of risk. Thereis scientific uncertainty about cancer risk in the low-dose region below the range of
epidemiol ogic observation, and the possibility of no risk cannot be excluded (CIRRPC 1992).

Health Effect Risk EstimatorsUsed in ThisEIS

Health impacts from radiation exposure, whether from external or internal sources, generally areidentified
as“somatic” (i.e., affecting the exposed individual) or “genetic” (i.e., affecting descendants of the exposed
individual). Radiation is more likely to produce somatic effects than genetic effects. The somatic risks of
most importance are induced cancers. Except for leukemia, which can have an induction period (time
between exposure to carcinogen and cancer diagnosis) of as little as 2 to 7 years, most cancers have an
induction period of more than 20 years.

! ow dose i's defined as the dose level where DNA repair can occur in a few hours after irradiation-
induced damage. Currently, a dose level of about 0.2 grays (20 rad), or a dose rate of 0.1 milligrays (0.01 rad) per
minute is considered low enough to allow the DNA to repair itself in a short period (EPA 1999).
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For auniform irradiation of the body, the incidence of cancer varies among organs and tissues; the thyroid
and skin demonstrate agreater sensitivity than other organs. Such cancers, however, also producerelatively
low mortality rates because they are relatively amenable to medical treatment. Because fatal cancer isthe
most probable serious effect of environmental and occupational radiation exposures, estimates of cancer
fatalities rather than cancer incidence are presented in this EIS. The numbers of fatal cancers can be used
to compare the risks among the various alternatives.

Based on the preceding discussion and the values presented in Table B—2, the number of fatal cancersto the
general public during normal operationsand for postulated accidentsinwhich individual dosesarelessthan
20 rem are calculated using a health risk estimator of 5 x 10 per person-rem. For workers, arisk estimator
of 4 x 10 excess fatal cancers per person-remis used. (Therisk estimators are lifetime probabilities that
an individual would develop a fatal cancer per rem of radiation received.) The lower value for workers
reflects the absence of children (who are more radiosensitive than adults) in the workforce. The risk
estimators associated with nonfatal cancer and genetic disorders among the public are 20 and 26 percent,
respectively, of thefatal cancer risk estimator. For workers, these health risk estimators are both 20 percent
of the fatal cancer risk estimator. The nonfatal cancer and genetic disorder risk estimators are not used in
thisEIS.

For individual doses of 20 rem or more, as could be associated with postulated accidents, therisk estimators
used to calculate health effects to the general public and to workers are double those given in the previous
paragraph, which are associated with doses of less than 20 rem.

The fatal cancer estimators are used to calculate the statistical expectation of the effects of exposing a
population to radiation. For example, if 100,000 people were each exposed to one time radiation dose of
100 millirem (0.1 rem), the coll ective dosewould be 10,000 person-rem. Theexposed populationwouldthen
be expected to experience 5 additional cancer fatalities from the radiation (10,000 person-rem x 5 x 10
lifetime probability of cancer fatalities per person-rem =5 cancer fatalities).

Calculations of the number of excess fatal cancers associated with radiation exposure do not awaysyield
whole numbers. These calculations may yield numbers less than 1, especialy in environmental impact
applications. For example, if a population of 100,000 were exposed to atotal dose of only 0.001 rem per
person, the collective dose would be 100 person-rem, and the corresponding estimated number of cancer
fatalities would be 0.05 (100,000 persons x 0.001 rem x 5 x 10* cancer fatalities per person-rem =
0.05 cancer fatalities). The 0.05 means that there is one chance in 20 that the exposed population would
experience onefatal cancer. In other words, the 0.05 cancer fatalitiesisthe expected number of deathsthat
wouldresult if the same exposure situation were applied to many different groupsof 100,000 people. In most
groups, no person (0 people) would incur afatal cancer from the 0.001 rem dose each member would have
received. Inasmall fraction of the groups, 1 cancer fatality would result; in exceptionally few groups, 2 or
more cancer fatalities would occur. The average expected number of deaths over al the groups would be
0.05 cancer fatalities (just as the average of 0, 0, 0, and 1 is 1/4, or 0.25). The most likely outcome is
0 cancer fatalities.

The same concept is applied to estimate the effects of radiation exposure on an individual member of the
public. Consider the effects of an individual’s exposure to a 360 millirem (0.36 rem) annual dose from all
radiation sources. The probability that theindividual will develop afatal cancer from continuous exposure
tothisradiation over an averagelife of 72 years (presumed) is0.013 (1 person x 0.36 rem per year x 72 years
x 5 x 10 cancer fatality risk per person rem=0.013). Thiscorrelatesto onechancein 77 that theindividual
would develop afatal cancer.
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B.3 METHODOLOGY FOR ESTIMATING RADIOLOGICAL IMPACTS
B.3.1 GENII Computer Code, a Generic Description

The radiological impacts from releases during normal operation of the facilities used to perform TA-18
missionswere calculated using Version 1.485 of the GENII computer code (PNL 1988). Site-specificinput
datawereused, includinglocation, meteorol ogy, popul ation, and sourceterms. Thissection briefly describes
GENII and outlines the approach used for normal operations.

B.3.1.1 Description of the Code

The GENII computer model, developed by Pacific Northwest National Laboratory, is an integrated system
of various computer modules that analyze environmental contamination resulting from acute or chronic
releasesto, or initial contaminationin air, water, or soil. Themodel cal cul atesradiation dosesto individuals
and populations. The GENII computer model is well documented for assumptions, technical approach,
method, and quality assurance issues. The GENII computer model has gone through extensive quality
assurance and quality control steps, including comparing results from model computations with those from
hand calculations and performing internal and external peer reviews (PNL 1988).

The GENII code consists of several modules for various applications; see the code manual (PNL 1988) for
details. For thisEIS, only the ENVIN, ENV, and DOSE computer modules were used. The output of one
module is stored in afile that can be used by the next module in the system. The functions of the three
GENII computer modules used in this EIS are discussed below.

ENVIN

The ENVIN module of the GENII code controlsthereading of input filesand organizestheinput for optimal
useinthe environmental transport and exposure module, ENV. The ENVIN codeinterpretsthe basic input,
reads the basic GENII data libraries and other optional input files, and organizes the input into sequential
segments based on radionuclide decay chains.

A standardized file that contains scenario, control, and inventory parameters is used as input to ENVIN.
Radionuclide inventories can be entered as functions of releases to air or water, concentrations in basic
environmental media (air, soil, or water), or concentrations in foods. If certain atmospheric dispersion
options have been sel ected, this modul ewoul d generate tabl es of atmospheric dispersion parametersthat are
usedinlater calculations. If thefinite plumeair submersion optionis selected in addition to the atmospheric
dispersion cal culations, preliminary energy-dependent finite plume dosefactorscanbeprepared aswell. The
ENVIN module preparesthe datatransfer filesthat are used asinput by the ENV module; ENVIN generates
the first portion of the calculation documentation—the run input parameters report.

ENV

The ENV module calculates the environmental transfer, uptake, and human exposure to radionuclides that
result from the chosen scenario for the user-specified source term. The code reads the input files from
ENVIN and then, for each radionuclide chain, sequentially performs the precalculations to establish the
conditions at the start of the exposure scenario. Environmental concentrations of radionuclides are
established at the beginning of the scenario by assuming decay of pre-existing sources, considering biotic
transport of existing subsurface contamination, and defining soil contamination from continuing atmospheric
or irrigation depositions. For each year of postulated exposure, the code then estimatesthe air, surface soil,
deep soil, groundwater, and surface water concentrations of each radionuclide in the chain. Human
exposures and intakes of each radionuclide are calculated for: (1) pathways of external exposurefromfinite
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atmospheric plumes; (2) inhalation; (3) external exposure from contaminated soil, sediments, and water;
(4) external exposure from special geometries; and (5) internal exposures from consumption of terrestrial
foods, aquatic foods, drinking water, animal products, and inadvertent intake of soil. The intermediate
information on annual mediaconcentrationsand intakeratesarewrittento datatransfer files. Althoughthese
may be accessed directly, they are usually used as input to the DOSE module of GENII.

DOSE

The DOSE module reads the intake and exposure rates defined by the ENV module and converts the data
to radiation dose.

B.3.1.2 Dataand General Assumptions

To perform the dose assessments for this EIS, different types of data were collected and generated. This
section discusses the various data, along with the assumptions made for performing the dose assessments.

Dose assessments were performed for both members of the genera public and workers at Los Alamos
National Laboratory (LANL), Sandia National LaboratoriessNew Mexico (SNL/NM), Nevada Test Site
(NTS), and Argonne National Laboratory-West (ANL-W). These assessments were made to determine the
incremental doses that would be associated with the aternatives addressed in this EIS. Incremental doses
for members of the public were calculated (via GENII) for two different types of receptors:

* Maximally Exposed Offsite Individual—The maximally exposed offsite individual was assumed to
be an individual member of the public located at a position on the site boundary that would yield the
highest impacts during normal operations.

» Population—The general population living within 80 kilometers (50 miles) of the facility.
M eteor ological Data

The meteorological data used for all normal operational scenarios discussed in this EISwerein the form of
joint frequency datafiles. A joint frequency datafile isatable listing the fractions of time the wind blows
in a certain direction, at a certain speed, and within a certain stability class. The joint frequency datafiles
were based on measurementstaken over aperiod of several yearsat theLANL, SNL/NM, NTS, and ANL-W
Sites.

Population Data

Population distributions were based on U.S. Department of Commerce state population projections
(DOC 1999). Projectionswere determined for the year 2001 for areas within 80 kilometers (50 miles) of the
releaselocationsat LANL, SNL/NM, NTS, and ANL-W. Theprojected site-specific populationin 2001 was
usedintheimpact assessments. Thepopulationwasspatially distributed onacircular grid with 16 directions
and 10radial distancesup to 80 kilometers (50 miles). The grid was centered at the location from which the
radionuclides were assumed to be released.

Source Term Data

The site- and process-specific source terms used to cal cul ate the impacts of normal operations are provided
in Section B.4.
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Food Production and Consumption Data

Generic food consumption rates are established in the U.S. Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.109 (NRC1977). Thisregulatory guide providesguidancefor eval uating ingestion doses
from consuming contaminated terrestrial and animal food products using a standard set of assumptions for
crop and livestock growth and harvesting characteristics.

Basic Assumptions

To estimate annual radiological impacts to the public from normal operations, the following additional
assumptions and factors were considered in using GENII:

» Radiological airborne emissions were assumed to be released to the atmosphere at a height of
10 meters (33 feet).

* The exposure time to the plume was assumed to continue throughout a year for the maximally
exposed offsiteindividual and thegeneral population. Plume exposure parametersused inthe GENI|I
model are provided in Table B-3.

» Theexposed individual or population was assumed to have the characteristics and habits of an adult
human.

e A semi-infinite/finite plume model was used for the air immersion doses.
Table B-3 GENII Parametersfor Exposureto Plumes (Normal Operations)

Maximally Exposed Offsite I ndividual General Population
External Exposure Inhalation of Plume Inhalation of Plume

External Exposure

Breathing Rate Breathing Rate
Exposure (cubic centimeters Exposure Time | (cubic centimeters
Plume (hours) Time (hours) per second) Plume (hours) (hours) per second)
6,136 8,766 270 4,383 8,766 270

Sources: PNL 1988, NRC 1977.

Worker doses associated with TA-18 mission operations were determined from historical data. Refer to
Section B.4 for afurther discussion of worker impacts.

B.3.1.3 Uncertainties

The sequence of analyses performed to generate the radiological impact estimates from normal operations
include: (1) selection of normal operational modes, (2) estimation of source terms, (3) estimation of
environmental transport and uptake of radionuclides, (4) calculation of radiation doses to exposed
individuals, and (5) estimation of health effects. There are uncertainties associated with each of these steps.
Uncertainties exist in the way the physical systems being analyzed are represented by the computational
modelsandinthedatarequired to exercisethe model s (dueto measurement, sampling, or natural variability).

In principle, one can estimate the uncertainty associated with each source and predict the remaining
uncertainty in the results of each set of calculations. Thus, one can propagate the uncertaintiesfrom one set
of calculationsto the next and estimate the uncertainty in thefinal results. However, conducting such afull-
scale quantitative uncertainty analysisis neither practical nor a standard practice for a study of this type.
Instead, the analysis is designed to ensure—through judicious selection of release scenarios, models, and
parameters—that the results represent the potential risks. This is accomplished by making conservative
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assumptions in the calculations at each step. The models, parameters, and release scenarios used in the
calculations are selected in such away that most intermediate results and, consequently, the final estimates
of impactsaregreater than would be expected. Asaresult, eventhough the range of uncertainty inaquantity
might be large, the value calculated for the quantity would be close to one of the extremes in the range of
possible values, so the chance of the actual quantity being greater than the calculated value would be low.
The goal of the radiological assessment for normal operation in this study is to produce results that are
conservative in order to capture any uncertainties in the operations of TA-18 mission facilities.

The degree of conservatism in the calculated results is related closely to the range of possible values the
guantity can have. Thisrangeisdetermined by what realistically can be expected to occur. Limitationson
the handling of material (e.g., design capacity/processing rate, system availability, operational duration)
provide upper limitsto the quantity of material that can be handled in agiventime, e.g., annually. In many
cases these restrictions were used to represent normal operating capacity, thus maximizing the amount of
material that can be handled annually. Using these upper limits on processing rates provides aconservative
estimate of the annual release of radionuclides during normal operation for each of the facilities.
Conservativerel ease estimateswere used to cal cul ate the annual impacts presented for each alternative. The
uncertaintiesassoci ated with theval ues of the heal th estimates used to proj ect heal th effects, e.g. fatal cancer,
are discussed in Section B.2.2.

B.4 RADIOLOGICAL RELEASESAND IMPACTS DURING NORMAL OPERATIONS

Theestimated radiol ogical rel easesto the environment associ ated with normal operation of thefacilitiesused
to perform TA-18 missions are discussed below. The methodology for estimating radiological impacts to
the public, including associated input data and analytical assumptions, is provided in Section B.3.1.
Information rel evant to the determination of impactsto workersisgiven below. Theresultingimpactstothe
public and to workers associated with each alternative or action are presented and discussed in Chapter 5 of
thisEIS.

Argon-40 gas is a nonradioactive nuclide that is a normal constituent of air, including the air surrounding
the TA-18 mission facilities. Neutrons produced during normal operations of thefacilitiesinteract with this
gasto produce argon-41, a radioactive argon isotope with a half-life of about 109 minutes. This argon-41
representsthe only radioactive sourceterm to which members of the public would be exposed during normal
operations. It is estimated that about 100 curies per year of argon-41 would be associated with SHEBA
operations and 10 curies per year with the operations of the other TA-18 mission facilitiesfor atotal of 110
curies per year of argon-41 released from all TA-18 operations (DOE 1999a). The amount of argon-41 to
which the public would be exposed is specific to the alternative assessed. Two examples of this are:
(1) under the No Action Alternative, 110 curies of argon-41 would be produced in the atmosphere from
operating all TA-18 mission facilities, including SHEBA, and (2) under the Nevada Test Site Alternative,
only 10 curies of argon-41 would be produced at NTS from operations of the TA-18 mission facilities
because SHEBA would remain at LANL. The source term associated with each alternative is given in the
“radiological release” subsections of Chapter 5. The impacts to the public are given and discussed in the
“public and occupational health and safety” subsections of Chapter 5.

Theaverageindividual worker doseassociated with TA-18 operationsisbased on historical operational data,
receiving an annual dose of 100 millirem (DOE 1999a). It is estimated that 110 involved workerswould be
associated with SHEBA as other security Category 111/1V operations and 100 involved workers would be
associated withthe TA-18 security Category /11 operations. Asisthe casewiththeradiological sourceterm
(above), the impacts to the workers are dependent on the specific alternative assessed. The impacts are
presented and discussed in the “public and occupational health and safety” subsections of Chapter 5.
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B.5 RADIOLOGICAL RELEASESAND IMPACTSASSOCIATED WITH POSTULATED ACCIDENTS

The releases of radioactivity and associated impacts from postulated accidents are addressed in detail in
Appendix C. Theinformation is summarized in Chapter 5 of this EIS.
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